ABSTRACT Six men handling barley were followed up over two working days and their flow volume curves were measured every two hours. All experienced falls in ventilatory capacity of up to 800 ml with changes in the shape of the flow volume curve in five men. Five volunteers not previously exposed to barley dust sat in a silo for two hours. Decreases in ventilatory capacity ranging from 200 ml to 800 ml were found, with recovery taking up to 72 hours. All subjects had decreases in flow at 50% vital capacity but little or no change in flow at 75% vital capacity. In three subjects there was a drop in specific conductance that lasted for less than 24 hours. Two subjects were similarly exposed on a second occasion when transfer factor for carbon monoxide was measured in addition to flow volume curves. There was a decrease in transfer factor but no change in transfer factor per unit volume (Kco).
In recent years several studies have reported respiratory symptoms and reduced lung function in grain workers compared with control groups. '-3 The present study was carried out at a small dock in Gloucestershire. We have previously reported the prevalence of grain related symptoms and their association with smoking, atopic status, and ventilatory capacity, together with the changes in ventilatory capacity that occurred in a group of dockworkers during a shift handling barley and in six normal unexposed subjects after exposure to barley dust.4 In this paper we present data on forced expiratory flow rates in the same group of people together with other indices of lung function in the previously unexposed subjects.
Survey of dockworkers
Various cargoes are handled at the dock, including grains such as barley, wheat, and maize which are stored in two large silos and loaded and unloaded into ships using both machinery and manual labour. four loading a non-dusty cargo. Measurements were made before starting work and then every two hours until the end of the shift. Four of the men handling barley wore 3M non-toxic particle masks and two wore Racal air stream helmets. Four were smokers and two had never smoked.
RESULTS
The six men working with barley had falls in their ventilatory capacity of up to 800 ml, whereas the men loading a non-dusty cargo had slight increases over the two days. The four smokers had lower than predicted V50s (range 41%-60%) and V75s,(25%-30%); in one of the two non-smokers the V7, only was low (33% predicted). Figure 1 shows the flow volume curves at the beginning and end of the second day's shift for the men who were exposed to barley. The figure) . In subject 2 the V50 and V7, were reduced immediately after exposure before there was any significant change in the FVC (fig 3) . Later, when the lowest FVC was recorded, the flow rates in the latter part of the flow volume curve were at pre-exposure levels.
In all subjects the maximum lung function changes coincided with systemic symptoms and fever as previously reported.4 Discussion Although the work force had "normal" ventilatory capacity, many of the men had small airways function well below 70% of that predicted, and this occurred more frequently in the smokers. Such a deficiency in grain workers who smoked has also been reported by Cotton et al.7 Two flow volume curves from different inspiratory levels on a subject with no dust exposure are shown in fig 4 and they show that there is no change in the end of the curve when the expiration is begun from less than TLC. The curves obtained before and after exposure to barley dust in the dockworkers (fig 1) and in the previously unexposed subjects VI 0 LL (fig 3) are similar to these, suggesting that the major change is in inspiratory capacity. Interestingly, all the normal subjects complained, sometimes bitterly, of discomfort on inspiration after exposure to barley. The fall in transfer factor was mainly due to a reduction in alveolar volume, since there was little or no change in Kco. The peak flow was lowest immediately after exposure and had partly recovered within two hours. At this time the SGaw was measured and was also reduced. Had it been practicable to measure SGaw immediately after exposure a greater decrease might have been found. These short lived-changes were possibly due to the irritant effect of the high dust concentration on the large and medium sized airways.
McDermott et al reported similar results when normal subjects were exposed to cotton dust8; the airways resistance returned to the initial value within six to eight hours, but the FEV, and FVC had not fully recovered 48-72 hours later. No change was found in transfer factor after exposure to cotton dust. The systemic symptoms were similar to those found in the present study, as was the pattern of deterioration in ventilatory capacity during the following evenings, with recovery overnight.
The reduction in inspiratory capacity is difficult to explain. It is unlikely that it is due to weakness of the chest wall muscles as there appeared to be no change in the expiratory effort as is shown by the flow volume curves, in particular the peak flow, and there were no complaints of weakness in other parts of the body.
The small response to salbutamol 48 hours after exposure is consistent with a continuing production of a bronchoconstrictor substance for the small airways; at this time there was no narrowing of the large and medium sized airways.
The lung function changes are similar to those seen in acute interstitial inflammation with involvement of the small airways. The reaction appears to be insufficient to produce a measurable reduction in transfer factor. To investigate this further it would be necessary to measure compliance and recoil pressure, and it is planned to do so in future studies.
McCarthy, Cockcroft, and McDermott A possible explanation for the effect of barley (and of cotton) is that these dusts may cause the release of mediators such as leukotrienes in the lung. Weiss and co-workers9 and Griffin and co-workers'0 have shown the bronchoconstrictor effect of inhaled leukotrienes in normal and asthmatic subjects. These effects lasted longer than those of inhaled histamine, and possibly the slow absorption of an agent from the retained barley dust in the lungs could cause the release of leukotrienes over an even longer period.
